Introduction
Pseudoephedrine is a sympathomimetic drug belonging to phenethylamine and amphetamine chemical classes and is widely used as a nasal decongestant. It exerts a decongestant effect on the swollen nasal mucosa of patients with chronic or acute rhinitis; however, it causes adverse effects, such as urinary retention in males, because of its systemic action on α-adrenergic receptors. 1 Although pseudoephedrine generally has little effect on voiding in young patients, its actual effect on voiding function remains unclear.
Urology clinics and emergency departments are sometimes required to deal with males who experience dysuria, incomplete voiding, or acute urinary retention after taking pseudoephedrine. Most of these patients are aged over 50 years, and some may have coexisting benign prostate hyperplasia, which they may not report to their doctor. Other patients may be relatively younger or may not report any history of voiding dysfunction.
Although pseudoephedrine is labeled as requiring extra caution while administration in males with benign prostate hyperplasia, 2, 3 no other specific precautions regarding patient characteristics, such as age, are mentioned.
Some studies have reported about the adverse effects of pseudoephedrine, such as urinary retention in children and adult patients. [1] [2] [3] [4] [5] However, these studies have not provided any information regarding the age dependency of such adverse effects. To the best of our knowledge, no study has yet investigated the effect of pseudoephedrine on voiding function in asymptomatic males.
In this study, we used the International Prostate Symptom Score (IPSS) questionnaire to evaluate the effects of pseudoephedrine on voiding function in asymptomatic males who received pseudoephedrine for nasal congestion treatment.
Patients and methods Participants
The Institutional Review Board of Linkou Chang Gung Memorial Hospital approved this prospective study (registration number 104-4791B). Between May and August 2015, we recruited males with acute or chronic rhinitis who visited our outpatient department for evaluation. Written informed consent was obtained from all patients before enrollment in this study. Because all patients complained of nasal obstruction, we considered prescribing pseudoephedrine for symptom relief. We excluded women, males who selfreported voiding problems, males who were already receiving medications for voiding dysfunction, and males who were currently receiving any medication that could affect voiding function (eg, antihistamines that can inhibit the bladder contractility).
Measurement of lower urinary tract symptoms
We used the IPSS questionnaire to evaluate voiding dysfunction in the patients. The IPSS is a basic questionnaire widely used by urologists. It contains the seven-item American Urological Association (AUA) Symptom Index and one question on quality of life (QoL), which is used to evaluate lower urinary tract symptoms (LUTS) in males, such as the benign prostate hyperplasia-related voiding problem. The seven-item AUA Symptom Index, developed and psychometrically validated by an AUA Measurement Committee in 1992, reliably assesses the severity of LUTS and is responsive to changes in the treatment. 6 In 1993, the World Health Organization adopted the eight-item IPSS, which uses the same seven questions assessing the LUTS severity as the AUA Symptom Index, along with an eighth disease-specific QoL question that assesses severity associated with LUTS. 7 A study reported the reliability of this questionnaire for the evaluation of women with lower urinary tract dysfunction. 8 The seven questions are divided into the following two parts: IPSS voiding (IPSS-V) scores and IPSS storage (IPSS-S) scores. 9 The IPSS-V scores consist of weak stream, intermittency, straining, and feeling of incomplete bladder emptying, whereas the IPSS-S scores consist of frequency, urgency, and nocturia. Each scoring ranges from 1 to 5 for a total of maximum 35 points. The eighth question on QoL is assigned a score of 1 to 6. The detailed information is listed in Table 1 .
study protocol
Pseudoephedrine was prescribed to all the patients enrolled to treat their nasal congestion. We prescribed oral pseudoephedrine sulfate 120 mg bid for 1 week to every patient. The patients were asked to complete the IPSS questionnaire before and 1 week after taking oral pseudoephedrine. The results of the questionnaire were analyzed as the IPSS total (IPSS-T), IPSS-V, IPSS-S, and QoL due to urinary symptoms (QoL-US). We defined an increased IPSS-T score after receiving the medication as subclinical worsening of voiding function.
statistical analysis
All premedication parameters were analyzed using the independent t-test to ascertain significant predictors. We used the paired samples t-test to analyze premedication and postmedication parameters in the overall patients and in age-stratified groups (,50 and $50 years). The general additive model was used to examine the relationship between age and deteriorated voiding after medication. Most statistical analyses were performed on a personal computer by using the statistical package SPSS for Windows (Version 17.0) (SPSS Inc., Chicago, IL, USA) and the R software (Version R 2.14.0; R & R, Auckland, New Zealand) for general additive models.
Results
In total, 131 patients completed the questionnaire before and 1 week after receiving pseudoephedrine. The average age of the patients was 42.0±14.3 years. The scores obtained in the IPSS questionnaire before and after the medication are listed in Table 2 . The IPSS-T, IPSS-V, and IPSS-S scores slightly increased after the medication; however, the increase was not significant (IPSS-T increased from 6.49 to 6.77, IPSS-V from 3.33 to 3.53, and IPSS-S from 3.17 to 3.24). The QoL-US Drug Design, Development and Therapy 2016:10 submit your manuscript | www.dovepress.com
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Pseudoephedrine causes voiding dysfunction in older males score nonsignificantly decreased from 2.02 to 1.87. Among the 131 patients, 52 (39.7%) had lower IPSS-T scores after the medication, whereas 37 (28.2%) and 42 (32.1%) had unchanged or higher scores. The numbers and percentages of the patients with changes (increased, unchanged, or decreased) in the IPSS-V, IPSS-S, and QoL-US scores after the treatment with pseudoephedrine are listed in Table 2 .
We divided all the patients into two subgroups by defining an increased IPSS-T score after pseudoephedrine treatment as the subclinical worsening of voiding function and an unchanged or decreased IPSS-T score as unchanged voiding function. The independent t-test was used to analyze differences in age and premedication IPSS-T, IPSS-V, IPSS-S, and QoL-US scores between these two subgroups. The results are listed in Table 3 . We observed that age and premedication IPSS-V score significantly differed between the subclinical voiding dysfunction and unchanged voiding function subgroups (P,0.05). The mean age and premedication IPSS-V score in the subclinical voiding dysfunction subgroup were 49.6 years and 4.57, respectively, and those in the unchanged voiding function subgroup were 38.4 years and 2.74, respectively. Notes: The questions refer to the following urinary symptoms: 1) incomplete emptying, 2) frequency, 3) intermittency, 4) urgency, 5) weak stream, 6) straining, and 7) nocturia. iPss-T = score 1+2+3+4+5+6+7. iPss-V = score 1+3+5+6. iPss-s = score 2+4+7. Qol-Us = score 8. Abbreviations: iPss, international Prostate symptom score; iPss-T, iPss total; iPss-V, iPss voiding; iPss-s, iPss storage; Qol-Us, quality of life due to urinary symptoms.
Drug Design, Development and The results of the paired samples t-test are listed in Table 4 . The IPSS-T, IPSS-V, IPSS-S, and QoL-US scores did not significantly differ before and after the medication in the overall patients. However, the scores differed after stratifying the patients according to their age, those $50 and ,50 years. In the $50-year group, the IPSS-T, IPSS-V, and IPSS-S scores significantly increased after the medication (IPSS-T increased from 9.95 to 11.45, IPSS-V from 5.38 to 6.07, and IPSS-S from 4.57 to 5.38), whereas the QoL-US score nonsignificantly decreased from 2.71 to 2.48 (P=0.057). In the ,50-year group, all the scores decreased but not significantly. The difference in the symptom score change between the two age-stratified groups is presented in Figure 1 . Of the 131 patients, the IPSS-T score after the medication increased in 42 patients (32.1%). After the treatment, 51.8% of the 56 patients in the $50-year group and only 17.3% of the 75 patients in the ,50-year group experienced subclinical voiding dysfunction. The general additive model plots revealed the changes associated with deteriorated voiding function in different age groups (Figure 2 ). Most patients younger than 52.8 years exhibited no change or slight improvement in voiding function after the medication. By contrast, most patients older than 52.8 years exhibited deterioration in voiding function after the medication, and the difference increased with age.
Throughout the study period, three of the 131 patients, aged 29, 51, and 62 years, respectively, experienced symptomatic dysuria and visited urological clinics. No patients experienced acute urinary retention during the survey. All dysuria symptoms improved after pseudoephedrine discontinuation.
Discussion
Pseudoephedrine is widely used for treating congestion associated with allergies. Its principal mechanism of action relies on its direct effect on the adrenergic receptor system. 10, 11 The vasoconstriction produced by pseudoephedrine is believed to be principally an α-adrenergic-receptor response. 12 The α-adrenergic receptors are located on muscles lining the walls of blood vessels, and when these receptors are activated, the muscles contract, causing the constriction of blood vessels. In addition, pseudoephedrine acts on β2-adrenergic receptors to induce relaxation of smooth muscles in the bronchi. 10, 11 Along with its therapeutic effect on nasal congestion, pseudoephedrine Abbreviations: iPss, international Prostate symptom score; iPss-T, iPss total; iPss-V, iPss voiding; iPss-s, iPss storage; Qol-Us, quality of life due to urinary symptoms; sD, standard deviation. 
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Pseudoephedrine causes voiding dysfunction in older males Figure 1 Changes in IPSS scores after treatment with pseudoephedrine for nasal congestion stratified by age. Notes: The specific postmedication scores significantly increased in the age group of .50 years. *P,0.05. Abbreviations: iPss, international Prostate symptom score; iPss-T, iPss total; iPss-V, iPss voiding; iPss-s, iPss storage; lUTs, lower urinary tract symptoms; Qol, quality of life. Notes: *P,0.05. Data presented as mean ± standard deviation. Abbreviations: iPss, international Prostate symptom score; iPss-T, iPss total; iPss-V, iPss voiding; iPss-s, iPss storage; Qol-Us, quality of life due to urinary symptoms.
produces adverse effects, such as restlessness, nervousness, dizziness, stomach pain, vomiting, weakness, hallucination, palpitation, difficulty in breathing, and urinary retention. The main cause of urinary retention or dysuria after the pseudoephedrine treatment is the effect of pseudoephedrine on α1A-and β-adrenoceptors. The α1A-subtype is highly expressed and promotes contraction of the bladder neck, urethra, and prostate to enhance the bladder outlet resistance, particularly in older males with enlarged prostates. The β-subtype mediates the relaxation of smooth muscles in the bladder. 13 The main effect of pseudoephedrine on the lower urinary tract tends to maintain a continent bladder. Pseudoephedrine is effective in the treatment of certain forms of incontinence.
14 In addition, an animal study reported clinical improvement in female incontinent dogs after pseudoephedrine treatment, despite the lack of statistically significant changes in urodynamic variables. 15 By contrast, pseudoephedrine failed to treat the incontinent bladder in primary nocturnal enuresis in children. 16 In 1928, an adult patient was first reported to suffer from voiding difficulty during pseudoephedrine treatment in Boston, 4 which was followed with reports on the first pediatric cases of urinary retention after pseudoephedrine treatment in 1977. 1, 17 Since the first case, pseudoephedrine-related dysuria or urinary retention has occasionally been reported in urological or emergency departments. Most patients can be managed properly with urethral catheterization and pseudoephedrine discontinuation. No long-term sequelae have been reported. Urinary retention can be detected at lower doses of pseudoephedrine; however, few cases have been reported. 18 Therefore, although pseudoephedrine is contraindicated for patients with urinary retention and should be administered with caution in patients with bladder outlet obstruction, 2, 17 it is still prescribed as a safe decongestant for patients without voiding problems.
In this study, we investigated changes in voiding function after pseudoephedrine treatment in males without coexisting voiding dysfunction. In our study, only 2.3% of the patients experienced symptomatic dysuria and required further management after receiving pseudoephedrine. However, among the patients who did not self-report voiding dysfunction, ~30% had increased IPSS-T scores, defined here as subclinical voiding dysfunction. Voiding dysfunction is significantly correlated with age in males, and the prostate enlargement has a crucial role. 18 Thus, we divided our patients into age-stratified groups. The percentage of voiding dysfunction increased with age and increased to more than 50% (51.8%) in patients aged .50 years; it was only 17.3% in patients aged ,50 years. This result suggested that older age is a potential risk factor for pseudoephedrine-related dysuria or urinary retention.
By dividing the patients into subclinical voiding dysfunction and unchanged voiding dysfunction subgroups, we observed that older patients and those with higher premedication IPSS-V scores (poor baseline voiding function) were more likely to have subclinical voiding deterioration. Such results imply that apart from older age, patients with undiagnosed lower urinary tract disease may develop subclinical voiding dysfunction and even clinical dysuria during pseudoephedrine treatment. The IPSS-T score consists of IPSS-V and IPSS-S scores; the former represents the voiding function and the latter represents the storage function. Pseudoephedrine causes contraction of the bladder neck, urethra, and prostate to enhance the bladder outlet resistance, which might impair patients' voiding ability. This is consistent with our result that compared with a higher IPSS-S score, a higher IPSS-V score is a more favorable risk predictor of subclinical voiding dysfunction in patients receiving pseudoephedrine.
Limitations
Our study has some limitations, which are as follows: 1) we analyzed only males in this study; thus, whether pseudoephedrine exerts a similar effect in women requires further evaluation; 2) subclinical voiding dysfunction does not indicate a need for further medical assistance; therefore, examination of the number of patients requiring assistance and relevant associations will require a large sample size; 3) we recruited patients who received oral pseudoephedrine at a standard dosage for 1 week; thus, whether the outcomes differ at varying doses or durations remains unclear; and 4) the IPSS questionnaire only represents the subjective feeling of voiding problem; therefore, objective examinations, such as uroflowmetry and urodynamic study, are required to investigate the actual effect of pseudoephedrine on patients' voiding function.
Conclusion
Although pseudoephedrine is often relatively safe in younger males and seldom requires further medical assistance, it might result in subclinical voiding dysfunction in older males. Treatment with pseudoephedrine requires extra precautions in males aged .50 years and in those with coexisting voiding symptoms.
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